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NOTICES

When Government drawings, specifications, or other data are used
for any purpose other than in connection with a .definitely related Gov-
ernment procurement operation, the United States Government thereby
incurs no responsibility nor any obligation whatsoever, and the fact that
the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way be
related thereto.

The Government has the right to reproduce, use, and distribute this
report for governmental purposes in accordance with the contract under
which the report was produced. To protect the proprietary interests of
the contractor and to avoid jeopardy of its obligations to the Government,
the report may not be released for non~-governmental use such as might
constitute general publication without the express prior consent of The
Ohio State University Research Foundation.
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ABSTRACT

This report summarizes the work conducted under this grant
during the past year. Included are summaries of the results of the
CW lunar Doppler experiment and the lunar two-frequency experi-
ment.
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FINAL SUMMARY REPORT

I. INTRODUCTION

The investigations under this grant have been directed toward
(1) determining what information can be obtained about the physical
characteristics of remote surfaces (e.g., planetary and lunar sur-
faces) by radar methods, and (2) obtaining experimental results which
serve both to verify theoretical results of (1) above and to provide
information about the lunar surface. Work under (1) completed dur-
ing the preceding year and given in reports number 1388-17,18 and
19 (References 15, 16,17) was extended to include bistatic scattering
from statistically rough surfaces. The results of the experimental
studies, completed during the past year, are given in reports 1388-22,
24 (References 20 and 22) and are summarized in this report. A

review of rough surface analysis is given in report 1388-26 (Reference
24).

II. THEORETICAL STUDIES

During the preceding year under this grant a significant con-
tribution to the theory of scattering from statistically rough surfaces
was preserted in reports number 1388-17,18 and 19 (References 15,16
and 17). The theory at that time was restricted to the case of back-
scatter. During the past year the theory was improved and extended
to include bistatic scattering. The results of these efforts are found
in report 1388-25 (Reference 23).

TI. EXPERIMENTAL STUDIES
A. Doppler Spectrum Experiment

Analysis of the data which were acquired during the preceding
year was completed. The results are reported in Reference 20. In
summary it was concluded that the lunar RMS surface slope at a wave-
length of 13.2 cm is about 15°; the lunar cross section is approxi-
mately 6 per cent for direct (linear) polarization and about 0.4 per cent
for cross polarization (both + 3 dB); and the average dielectric constant
of the moon's surface is € ©2.6.

By means of the comparison (Fig. 1) of the experimental back-
scattering parameter with values derived theoretically in Reference 16,
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Fig. 1. Comparison of experimental backscattering parameter,
y(@), with theoretical predictions.
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it was concluded that the modified Bessel joint probability density
function is a more accurate model for the description of the lunar

surface than is the more familiar Gaussian joint probability density
function.

B. Two-Frequency Experiment

Reference 17 describes a ''two-frequency experiment' which is
designed to obtain estimates of the RMS height of a remote rough sur-
face. Unlike the effective RMS surface slope, which has been shown
both experimentally (Fig. 2) and theoretically (Reference 16) to be a
function of wavelength, the RMS surface height is essentially independ-
ent of the examining wavelength, depending primarily on the RMS height
of the largest scale structure.
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Fig. 2. Effective RMS surface slope as a function
of wavelength.



Data were acquired during the preceding year in an attempt to
verify the theory of the '"two-frequency' experiment. Although the
experimental configuration did not correspond exactly to that prescribed
in Reference 17 and only a small amount of data was taken, it is felt
that the results that were obtained do tend to confirm the essential
correctness of the ideas behind the two-frequency experiment. The
""enhanced'' correlation function Pexp(Aktr) = NRAk pxy(Af) where
pxy(Af) is the correlation coefficient of the two signals, R is the radius
of the moon and Ak = 2nAf/c, with Af the frequency separation of the
signals and c the velocity of light, is plotted in Fig. 3. After normaliz-
ing Pexp(Ako) with respect to an estimated ''initial value' of 0.84, the
experimental results can be compared (Fig. 4) with the theoretically’
predicted behavior. It is seen that the normalized, enhanced correlation
function reaches half its initial value at a frequency separation of about
60 kHz which corresponds, according to the relation'? 2¢? Ak? = 0.693,
to an RMS surface height, &, of about 500 meters.
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Fig. 3. Correlation of backscattered fields
at two frequencies.
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IV. SUGGESTIONS FOR FUTURE WORK

The preceding sections of this report describe a number of
advances in the understanding of the problem of studying planetary
surfaces by radar methods. There are, however, two areas in which
further work could profitably be undertaken.

The first is undoubtedly a repetition of the two frequency experi-
ment, with equipment suitable for predetection correlation measure-
ments over a larger range of frequency separation (out to, say,

Af = 120 KC). It would be desirable to use a carrier frequency no higher
than a few GHz, since it is not known by how much the noise due to the
diffuse component of the lunar scattering may reduce the observable
correlation between the two frequency components.

The second area where further studies, both theoretical, are
needed, is in the interpretation of the scattering properties of remote
surfaces. Such studies would include not only further theoretical
development of the two frequency method (i.e., to include post detection
correlation experiments, non-physical optics surface models, etc.),
but also studies of the single frequency experiment.

For example, present interpretation of the lunar surface is based
on an arbitrary division of the observed cross-section into two compon-
ents, a further separation of each component into a directivity and a
reflectivity factor, with the reflectivity given by a simple normal
incidence Fresnel coefficient. Such a procedure is known to give
inconsistent results for terrestrial surfaces, yet is the basis for the
"accepted' value of the lunar dielectric constant. It is clear that a
study of the diffuse component, in particular, (i.e., return from sur-
faces with multiple scattering or scattering from edges and cusps) is
needed to relate the observed scattering to the geometrical and di-
electric properties of the surface. Of particular interest here, for
example, would be the use of the depolarized component as a diagnostic
of surface roughness, or the interpretation of ~ompound surfaces, where
the question of interest is the relation between the fraction of a total
surface covered by a given process, and the overall scattering patterns.
In short, the apparent success of the single-scattering physical optics
approximation should not be allowed to obscure the fact that many sur-
faces cannot be handled that way, and that much study of other scatter-
ing mechanisms must be carried out before the problems of remote
sensing by radar are solved.
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